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In 1947, a now inseciicide, benzene hexachloride (CalsClzy, ma temtad. -

for use against wire worms at the expevimentsl bage of the A1) rdon Acelemy

. of dgricultural Scienves imeni V. 1. Lenin at Goxici-leninskige., Owing to

o . s fact Lhat Lhe preparution wust te imvroduced Aivectly into tho goil,
Ry o the question aroso as to whether- it mauld have ¢ huvmful effect on sprauting
o B . plants if 1t came into close comtact with them. 3pecial experiventy Lo in- -

vestigute the affect of Lensens hexachicpids en oprouting seeds 4in e cories
of £iald cultures wore carricd out by A. 4. Avsicyan, '

o .Seeds ware subjocted to it influcnce by deing dusted sAth insecidoidis ‘ NS
. o potdsr (mads un.of 7 - 10 pexrcent benzene hetschlorido in talc ag a filler) e SRS -
co L axd mixed with .t. In a majority of cultures the procoased ceeds showed - : :
sharply altured sprouta. The most typlcal Peature ees o CGaloy in geswth
compared with the control seeds nnd the formation of charactoristic round .
tumor-shaped swollinga on the ronts, The oxtornel appearance of - the sprouts ¢
recalled the 1llustrations of seeds which had boer Prooeesed with eolchicina,
Thiz resemblance of o cxpominonta? srrouss W Woss Lreabed with colchie
oine made us decidn to subjJect them to microscopic annlyaie.

»

Five cultures were included In this rescarch: . two typos of a@oft wheat
(Kooperatarks ond Suena), one type of herd wheat (Rolkhoznays Tvsrdays). -
Belaroye millet, snd Trivmph veans. Except for the beans, they all showed
Sumors on the roots when treated vith bengere hoxachloride. The bean reots
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o0y dirfered fren the centrols by o slight rotardation of grovwihiy no Susors
ware formed; and in gonoesl they had @ lLoaliby, frash eprearance wnlike the
reots of other treatsd cuwiturca, . . . :

Treatweut of the cytological matorial wng cercied out uslng the nermal
plerctoms tachnique. HNavoehin's method =6 wged Lor fining, and Herrtonta,
fer staining gantian violot. Tho nicraknuo eactions were mode thiek (no .

- thiener than 16 ) in ordor to svold euthing the chromosomes Snto several
rezte; this is rerticularly important for the vory iong ribbton-shaped
chromosomas of vheat. Tho primary rosts which vere in direeh cortact with
particles of insecticide were gtbjected $o analysia., :

liieroecopic analysip revenlad 15fge changes in ovsk-y culivre cxamined.
Fhen viewsd through the microscopo, all three wheats and the nillet wers
vory similar; the boan root diffeved. - .

The first thing sppaent when looking at the rreparation was the come
- plote absance of {lesion, even With & siscalle or eavotines (particularly
- with bearg) very large mumbsr of divided colls. The pecond, and ns less
slrizing, weo the ebmormel und anerpely mubllated guicscant mucled,

letaphasal control plutes of Kclithesnaya Tvesdayn [hard 7 wheat (28
8) and Smema (42 chrovosonos) are shown in Figures 1o ang 28,
Nothing reserbling the comirel waa observed in rosts traated with banzene
hexachloride. only 1 a fou cells did tie rlobsn-ehapod wheat shronosones
preseive their typical forn {Migure 4b). 45 a rulo, the divided celle con-
talned chromoaumas whish. bore g far grestey regemblance to reduction rather :
than gomatic celin; For the same ¢ amster they were 3 - 4 times shorter Voo
than the normal somgtic wheat chromogomes. Thedr exact calenlation was
geacral.y not possibla bevause, instecd of forning a norusl equmterisl
plate, they were located on different, planes, aorptimes in the center and
sonstines dispersed over ths wholas cell. An aproximate calowlafion gava
lerge variations in the runber of chroposomes. In the case of Kolichoznayn
» 8oke colls had less than 28, and some bal far more. Cells whieh

had been pertly strni: gave the imprassion of being 1iterally pecked with
chrorodomas, which wors cal ) o .
corplately ebsamt, und nothing recambling o erindle mas choorvad. Ag wWith
fbe coliem of eolchicinoe, tio mazmanisn of the echremetic aystom mp evi-
dentl, dostmmyed.,  The fisalon of chromosomes cceurred in A%a teen. ond
$hadr drtoniabiou in tim equatorinl plane and suboequent separation vere
&180 not obzsrved. . Cell £ission =ap oltker ebaent or at least refardod.

Thres separate and rermally wndivided processes which follow ono after
the other =« the splitting of chromosomds, their dispersion toward tho poles
of the cell, and cptokinesis ~ evidently hed differcnt mocations to a toxdc
agont, the first being by far ths most stable. The pregonce, In dlvided
eslls, of chremosomas cf #i di=Fament longhb led 029 %o boilevw tuad the in=-
cresas in thelr mudsr 15 net only ceused by the 8plitting of each chromo-
sume but alno by thelr transvorso cutting. ' The group o chronosotes in the
center of a cell began, without bresking up, to undergo tolophasic changos
and mp goaduelly brought to a state of rost, forming ohe large neclens,
often mtilobed and having ths most varied and envutic forms (Figure 24).

_ In other csaes, ohromosomes are soparated inte several Zroups, com-
letely irregular and containing diffevent numbere of chronosomes {Figurc 1e).
Each of ihese grouns 1s eventually tranclsrmed inte an indspendent. ruciecus.
Heace, & mxlous in quicscent .11 has several differant sises and forus -
(Figure 2¢). I¢% can bs seen from Figwes 26 and 23 that the geaoral pilotire
of meristen colls belonging to tha centrol differs shartly frem
that of the experimental cheots. : '
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In a state of rest, the separate ubnormsl nucled of multicorncl cells Coe '
somotimes morgs togoikor tro or three at a time. It is difficuld to say
whothor this phoneraron, which is ‘e foreign to a normel wheat weristom,
ig cavaed by the incompleteness of soparate nuclei or by the diract sction
of a nucleun on a quiescent cell. :

In any case it is an undoubted choracteristic of the pathological
.compasition of tissus and the reaction of a cell to ebmormal conditions.
Cytokinesis either does not occur, in vhich case a cell vemains molbivar Jear
or polyploid, or it occurs in an abrormal wammer. Since the achrematic form
1s digrupted, the fragmoplast iec mot formed, and the cell is split up in
various directicns by sevewsl partitions which out 1% Ante sprersl aschions.
fach of these dawghtor celle contains & different muber of chromosemes and
may be completely without a mucleus. It may be assumed that by these weans
cells are produced which eontain e sraller number of chromosozes than is

Swh 16 the sffect of bunsens hewachloride on the merdstom cells of
hard and safb wheat, A3 in the scbion of colchicine, the most moticeablo:
[cocespes eve the poiar migration of chromosomes and the division of colla. "
While the splitilng processes of emch chromosome wers still iz progress the -
colls wore oither paralysed or complatoly destroyed.

The reaction of millet %o benzems hexachloride vas basically similar
to that ot the three experimental wheet choote.. Quiéacent muclol showed
an even greater contrast with the control because, normally, the quisscent
colls of ihe meristen of millet roots are not only menmcouslear but clso
ponomicleolar, and such experimemtni shoota give a warisgated picture of
colla which differ in the wumber of nucled end micleoli end in slzo end
forn {Figure 3b)., Figure 3 cbows e normal somatic millet plate (a) and
the netaphases of experimental plants (c and d). Changes which were char-
actoristio of wheat wer- repeated here. Hovwever, instead of long, winding
chromosomen, there were indefinitely large numvers of short, apirel, almost
round, chrou)somes located on different plenos. The rrescnce of bivelent -
chronosomos 5a cortedn colls was also ncw. The similarity with myotde
chromosomee was in thic case complate; tho chromosomes msie nat only chort~ R
snod and fcttenad vk alen fowuad charecteristic myotie. figures (Figure 3d).

During the time that tho chromocones in axperimantal shoots were
dividing into daughter chromonomes, the action of fungicide on mijiet diss - ?
rugted the fumction of the centromors. The Alvided halvee of the chromo~
aomes ~emeined joined by one undivided centromere end hung on it, forming

the croga-shaped figures typical of. nyosis.

Thue, compared to wheat, millet is mwore sensitive to the action of
. Therc is still one uninterrupted process in it, nomoly, the
division of the centrodere. '

of all the experimeatal plante, beans appearad. to be the must gtable.
The action of bengens hexmactloride not only prodwced no tumors, no re-
tardation of growth or injury to the geeds, hui cvon hed o corbalr Admi
lating effect which ms nanifested by a considerable inorease in the mmber
of mytopes in the roots compored with those of the coatrol. Tho guissoent
colls of the experimental plente were mononuclear, or moTe Tarely, du-
nuolear with rounded nucled of e normal form. In metaphases, chromosomes
are placed more or less ia one plang, so that in a rajority of cases their
celculation is not difficul® in apits of the fect thet the increase in
their rumber may be very considerabio. Figure 4 therefore glves nuch more
factual microscopic views than Figures 1, 2, and 3 vhere the observed
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disperaion of clromcsones 18 in fact far uore courplex than in the photograph
because it deels with the whole depth of the cell. Of sll experimental
plants, the gemerel contraction of chromosomesz reaches its limit in the
ense of boansy chromoselies are converted from elongated bacilli to spherical
shaped corpuscles (Figure 4a and t)j. They vary greatly according to the
nmber of their meristem celle; the range of varimtion ig from the normal
meber (n s 22) to a high degree of polyploidity in which the nuwber of .
chromosomes are Uy no means always multiplies of the basic zumber.

The bean was the unly rlan® smeng thoze mvcat.ga‘c.ed in unich the

procosses of digsrersion of chreorogames to the poles werc not completely
_paralyzed. FExamples of enaphases, arthonugh in e smeil quantity compared

with the emormous mmber of divided eclls, wore found in all investigated )

plapte. After the aprcarancs of duommclear cells, a further division formed

plotes which touched or intersected one another or joined themselves into

one general plate. Another peculiarity about been metaphases was a par--

tioular diepersien of chromesomss im tha forn of a ring or half rivg as

ic azdg? unseen sphurical body were being surrcunded by chromosemes (Fig-

we .

Havas (1) descr:bcd how when axamining the action of co‘.lcbicizza on
vhoat and onlep shoots, he not.iced tho preserce in.the onll of a cortain
acidophilie castral mess around vhich the ciiromosones ware dispersed, The
poosibdlity of the prosence of ‘a similar body in bsan celle treeted with
henzone hexechloride cammot be exeluded, but it would only have been
possible to cuserve it visually by using corresponding colorations.

wheu oonsidering all the data so far desoribed pertaluing to thy R
effeot of bentens hexachlorido on the cells of owr five experimental p.nnts,
it can be geid that in the case of the most stable culture, beans, the
processes of cytokinesis were basically affected. the migration of chromo-
acmes to the poles of a ¢sll was intecoruptod, and the PHrmstion of chromo-
sono multiplication vas preserved. In the cuse of wheab, tuth the eyto-
kiresiu and pilar progression of chromosores were peralysed, with no
chunge in the procesn of their division. In the cesc of millet, no% oaly
wre the cytakiz.acia and polur ptogroaaion interrupted but alao, in mrt,
the pivcesses of chromosome divisiony this letier was manifusted by a

retardation in the division of the centromerc.

If 3t is somumod that the changoz in roots degeribed above also
ooour at points in their bodies, the naturel consequenice of these changes
will be o different number of chrimosomes In seperate cells, tissues,

' orgnos, end whole plants.

8tudy of the nuolear ammolies connscted =rith the action of colchicine
on a plant cell has boon one of the favorite themer for cytologicel. re-
gearch during the rast 10 vears. After the work of Blekeslee and Avery {2),
colchicine was for & long %ime conpidored as a arecific materiesl Yy which
changee leading to polyploidity could be preduced in a cell. Howover,
vhen the rreise of colchicine grew, the wuthors began ressarch in wbich
thoy attenpted to comnect its sction with the peculiarities of its chemical
ocomposition and investigated new "polyploidoge‘:xic" subetances on the prin-
ciple of similar noleoviasr structure. :

In chemical cowpositicn, colchicine cloesly ressmblas the sex hormones
and ¢ hydrocarbons which produce sharp chenges in the processes
of cell fission. Hence 1t was rremazmei that the speciric action of wol-
chicine on a plant depended on its strusture as & polycyclic hydrocarbon (3).
Othar oompounds made up Jf & series oi polycyoclic hydrocarbons were also
exemined and new, biologically active sub3tances were found with en action
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an u cell siwiler to that of colchieiric (4). Honce it was amtumed hat the o
gpecific activity of colchicine and certain sther new polyploidogenic sub~
stances is the result of the presonce of anine groups in their molecule, .
and doee vl depend on their polyeyclic structure. New preparations with
aimilor actions wele rrepared, whose chemicel similarity to colchicine was
this time based mot on their polyocyclic strusture, but on the presence of
amino groups (5). Aurantie was applioed, eud also a series of aniline dyes
whoss effect on & cell, eimilnr to that of ‘colchicine, had been studied by
Dustin and his colleaguss in connection with quustions of ani‘al pathology

- long before the discovery of colchicine (6). Theso research analycts were
the first to study mxlear woimon and colchieins, about which Hawvas (1)
writes that 1t a d to bo a substance which ws no more specific for
produsing cytokinesid than many arzeaic compounds.

Alkaloids comprise an isolated group of polyploidogenic submx_tceao'
both golchicine veratrine substitutes (7) and mplole (8, §) huve baen
studied and produced from them.

St411l another grour of substences, similar in their biologicad action
%o coichicine, is formed by the mercwry compounds, which are used ag more
dart dyes for sevds and imsecticides. KIUIF (10) mreduces both Gypnasan-
othyl mercury chiloride and Ceresan~ethyl mercury phosptate (11).

Thus, the mumher of colchicdns competitors congtently inecresces, and -
ther teve been mprlomentod by substances of a diverse origin and structure.
1% can no longer bo said that the activity of colchicine is dwe to the
preeence of hongene ringe or emino groups or other peculiarities of its
molecule, A number of ccapcunds which Yave neithor o cyelic structure

_ ‘nor amino groups weras nroduced as subatunccs poagessing the qualities
required to interrapt cell fission and promote the formation of polyploid
oglly. Among them are wubstances with a vary £.mplé structuvre swch ao
chloral hydrate, othor, ethyl aleohol, etc. )

Dosdeamh by “etorgren and Levan (172, 13; detit the £ival blow to the
colchiedes monoroly.: ioven {4} studied She effect on an onion rootts
rmeddstan salls of A0 melale 4 tha form of sample comparmcs, fer the most
yart pitrates, fach eihrtshor ke 3ided in 10 - 16 concentratiane, foom
lothal to ineffevtive. L, méNpeuted rosult wee that ail rubstences exs.-

- mined showed b lasnl vwhe pertis) mivosds disrupticn typicel of colchicine.
- Gowplete eslobdolne mdtosls weé obtulnod in varic s osasentraticns ol the
following metelss 11ikig . berylliom, sediuw, petessfum, ohrumium, lrun,

" ocobalt; miskel. coppor, arsemic, rubidiwe, yttriwm, pelladlis, codmium,
bardim, lonthemae, serlum, neoGyeiur, orbiur, guld, mervury, -balémm,
losd, bismctiy, end thozdmm. : >

In magy sases the tiaivn of astivity or theso new polypleidogentc .
subgtaness vers congidarstly 1mnar ilan they ers in colshicing, | Por »xemrie.
eoppe nltrate, ytirdm suloiats; loxthenn nddreto, goM  ehlsride. snd ised
nitvato booome notive with uoneamirations of 0.000,005 «~ 1:..000.05 molecular
wolght. The limits of sotivity e gonerally lomered with e incpwsss in
molacuwdar weligit. In the 5%k, 6th, .and 7¢b groupe of the periedic: system
the‘nm:lts are below 0,000,055 abewosy iu the 24 end 3d many iimits reech
0.05 = 024 : . '

411 selds vhich foed plants have high limits. The tumore which
nornally aecompeny colchicine mitosis when treatment by organic compounds
1s used ere mot aivays obearved in similar cases using inorgenic subutences
but the variuus interruptions and retardations of growth are normal. )

-5 u

RESTRICTED

RESTRICTED

Sanitized Copy Approved for Release 201 1/06/29 : CIA-RDP80-00809A000600200030-7




 =RESTRICTED

. el by Tovars ond ety nn ot S ndulnlly el y ol eloiasganie
substances does not depent on thailr aical propertiss. Te clerify the
machonism of thedr action; Ostergren reocuced le Mpoid theory, vhich is
beeed upon the reletionship oxiating batuean the relyrloidogenic actividty

of a substance end i%¢ eodwnility in Lipoide. The rrenter or smaller ace ]
%ivity of & substence apyrared to be cavsed Uy & rurely phyeicel property,
eclyillity, since n rosiiive corvelation fowad for solubility in

"ilpodds and & negative corrcisiion o3 wolubllity in water.

odae

411 tho active subslances investigaied by the vardous authore rrodueed
alnilar changes in rlant celle. Polyrloddesenic ectlivity zalnly depends
on the penotrgtion of the cubstence inte the cell and its dispolution in
the necossary conssntration in ths lipeids. ‘nes thic ¢issolution haa
taken place, cell reaction sets in, Indepundort of the chemical nuture of
the ec¢tivating substance. . 3

Everything that has boen ssid above is 4n sharp contradiction to thoe
&ccepted ideas on colchicine or sny other specific rolyploid producer,
It wakes one rogard colchicine witosis as the direct reastion of a coll
to the injection of poison, end us a proteotive mechenisr which can be
compared, porhaps, vith the weversad protostive ;rocose of inflarmation
in en animel organim. . . ‘
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